INTRODUCTION
Pearl millet is the world's most drought-resistant grain. Recent advances in plant breeding have produced a crop that can be grown in a short, dry summer season, even in infertile sandy soils. Pearl millet's nutritional characteristics are attractive for poultry: relatively high protein content (10 to 16%) (Burton et al., 1972) , metabolizable energy of about 3,300 kcal/kg (Adeola et al., 1994) , and apparent absence of major anti-nutritional factors. Compared with common cereals, pearl millet is rich in oil, with a typical fat content above 5%. Linolenic acid (C 18:3n-3 ) (LNA) comprises 4% of the total fatty acids in this oil (Rooney, 1978) , giving it a higher content of n-3 fatty acids than other cereal grains. Corn is notably deficient in n-3 fatty acids, with LNA comprising only about 0.9% of total fatty acids.
When humans consume diets rich in n-3 fatty acids, particularly those of chain length > 18 carbons, these fatty acids are deposited in membranes and can effect generally beneficial changes in many physiological functions, including platelet aggregation and immune function. Because essential fatty acids of the n-6 and n-3 families compete for enzyme sites, and n-3 products may be more beneficial, Kinsella et al. (1990) have suggested that most Americans should increase their consumption of n-3 fatty acids, and decrease the ratio of n-6:n-3 fatty acids.
The fatty acid content of eggs can be modified by changes in the hen's diet. Several groups have shown that "designer" eggs rich in n-3 fatty acids can be produced by using feed ingredients rich in n-3 fatty acids, including menhaden oil (Adams et al., 1989; Hargis et al., 1991) and flaxseed (Cherian and Sim, 1991) . Typical egg n-6:n-3 ratios are 16:1, 4:1, and 2:1 for common corn-soybean meal diets, and diets containing menhaden oil and flax, respectively.
The use of either menhaden oil or flaxseed in layer diets for production of eggs rich in n-3 fatty acids may have drawbacks. Highly unsaturated fatty acids are subject to oxidation and potential production of offflavors. Scheideler et al. (1994) observed increased egg oxidation but little change in flavor scores when hens were fed flaxseed or fish oil. Ahn et al. (1995) and Jiang et al. (1992) both reported slightly poorer egg flavor scores due to feeding flaxseed diets. In addition, metabolic processes in the hen might be altered by diets high in n-3 fatty acid content. Van Elswyk et al. (1994) found that long-term feeding of menhaden oil produced hepatic lipidosis in hens. Aymond et al. (1994) reported reproductive alterations in young hens fed flaxseed, which might be attributed to phytoestrogenic compounds in flaxseed.
Because n-3 fatty acid enriched eggs are perceived as attractive by many consumers (Marshall et al., 1994) , other strategies for producing such eggs are worth investigation. The objective of the current study was to determine whether eggs rich in n-3 fatty acids could be produced by a new method: substituting pearl millet for corn, without any additional source of oil. 
MATERIALS AND METHODS

Animal Care and Dietary Treatments
Seventy-two Single Comb White Leghorn hens of a commercial strain, 3 95 wk of age, in the second cycle of production, were housed individually in laying cages (25 × 41 cm). Egg production at the start of the experiment was 75%. Eight replicate groups of three hens were randomly assigned to each of three dietary treatments. Treatments consisted of feeding layer diets containing corn, corn plus pearl millet (1:1), or pearl millet as the grain source (Table  1) for a period of 6 wk. The pearl millet was grown at the University of Kentucky Research and Education Center in Princeton, KY. Diets were formulated to be similar in nutrient content and to meet or exceed the requirements listed by the NRC (1994). Diets were mixed at start of experiment and stored at room temperature. Lighting was provided at 16 h light:8 h dark, and feed and water were available on an ad libitum basis. Hens were weighed individually at the start of the experiment and then at 3 and 6 wk thereafter. For each replicate group, feed intake was measured on a weekly basis, whereas egg production data was recorded daily. All experimental procedures involving animals were conducted according to a protocol approved by the University of Kentucky Institutional Animal Care and Use Committee.
Egg Sampling
During the 6-wk trial, all eggs from each replicate group were weighed 1 d/wk, then stored at 40 C and processed within 24 h. Three representative eggs from each group were selected for individual measurement of egg and yolk weight. Using a Roche color fan, each egg was scored for yolk pigmentation. The yolks were then pooled within replicate group and stored at -10 C for fatty acid analysis.
Fatty Acid Analysis
Weekly yolk samples were pooled (three yolks per replicate) and lyophilized prior to analysis. Yolk fatty acids were extracted, converted to methyl esters, and quantified by capillary gas chromatography according to the method of Sukhija and Palmquist (1988) . Data shown represent the means of eight replicates per treatment.
Statistical Analysis
One-way ANOVA was used to compare all production variables, using groups of three hens as the experimental units. Means were compared by a protected test of least significant difference (Snedecor and Cochran, 1980) . A probability level of P < 0.05 was required for statements of significance. Statistical analyses were performed using a linear model program for microcomputers. 4
RESULTS AND DISCUSSION
Production and Egg Parameters
For each week and for the entire experimental period, dietary treatment had no effect on feed intake, BW gain, egg production, feed conversion (feed per dozen eggs or feed per gram of egg) (Table 2) , or mortality (data not shown). Egg weight, yolk weight, and percentage yolk were also unaffected by diet. Yolk color, however, was strongly affected by diet. After 1 wk, yolk color decreased significantly in hens fed the pearl millet diet, compared with that of hens fed either the corn or the corn plus pearl millet diets (Figure 1) . By the 2nd wk and thereafter, yolk color values of hens fed pearl millet was significantly lower than those of hens fed corn plus pearl millet, which were lower than those of hens fed corn. By the 4th wk, yolk color stabilized for the three treatment groups. Respective values for the corn, corn plus pearl millet, and pearl millet treatments were ∼ 3, 6.5, and 9 Roche units. From the standpoint of production, pearl millet is apparently highly suitable as a layer feed grain. If pearl millet diets are used without a supplementary source of carotenoids, the decrease in yolk pigmentation may limit consumer acceptability for some applications.
Egg Fatty Acid Composition
Changes in egg fatty acid composition were apparent after 1 wk of dietary treatment. Figure 2 shows the effect of time on egg n-6:n-3 ratio. After Week 3, no significant changes were measured in content of any fatty acids. Therefore, egg composition at 6 wk is assumed to be representative and is shown in Table 3 . Substitution of pearl millet for corn had no effect on total saturated fatty acids, but increased monounsaturates (primarily oleic acid, C 18:n9 ), and decreased total polyunsaturates. In addition, the composition of the polyunsaturated fraction was affected by diet. Relative to the corn treatment, pearl millet decreased the linoleic acid (C 18:2 n-6 ) (LA) content of eggs and increased LNA, reflecting the ratios of these 18-carbon fatty acids in the respective grain sources.
Grains contain essentially no fatty acids longer than 18 carbons. In the liver, hens elongate dietary LA to its n-6 product, arachidonic acid (C 20:4 n-6 ) (AA), whereas LNA is elongated to the n-3 products, eicosopentenoic acid (C 20:5 n-3 ) (EPA) and docosohexenoic acid (C 22:6 n-3 ) (DHA). All of these elongation products are deposited in eggs (Aymond and Van Elswyk, 1995) . In the n-6 fatty acid family, the lower LA content of the pearl millet diets was reflected in reduced egg LA, but egg AA content was unchanged by feeding pearl millet. However, a different pattern was seen with respect to the n-3 fatty acids. The higher LNA content of the pearl millet diets produced an increase in egg LNA but a much greater increase in egg DHA content, implying fairly efficient elongation of LNA.
In the liver, LNA and LA compete for the enzyme D-6 desaturase, which catalyzes the first step in the elongation process. However, LNA has a higher affinity for the enzyme (Aymond and Van Elswyk, 1995) . Therefore, feeding LNA or other n-3 fatty acids should decrease production of AA. This effect has been observed in studies using diets with n-6:n-3 ratios between 1:1 and 5:1 FIGURE 2 . Effect of grain source in layer diet on egg n-6:n-3 fatty acid ratio. (Bars represent SEM). (Cherian and Sim, 1991; Hargis et al., 1991) . In the present study, the n-6:n-3 ratio in the pearl millet diet, 13:1, may have been too high for LNA to displace LA from enzyme sites, although LNA itself was effectively elongated to DHA. Based on studies feeding diets rich in LNA, Hargis and Van Elswyk (1993) have commented that the elongation of LNA is a relatively inefficient process in birds. In this study, modest amounts of LNA were fed, apparently well within the capacity of the liver enzyme systems, thus allowing most of the dietary LNA to be elongated.
Compared with corn, pearl millet produced highly significant increases in egg total and long chain n-3 fatty acids, a decrease in n-6 fatty acids (primarily LA), and a reduction of the n-6:n-3 ratio, without affecting production parameters. However, the fatty acid modifications obtained with pearl millet were smaller than those obtained by the two previous n-3 enrichment strategies.
Comparison of the results of this study with those of Aymond and Van Elswyk (1995) shows egg n-6:n-3 ratios of 13:1, 3:1, 6:1, and 8:1, respectively, for corn, 15% whole flaxseed, 1.5% menhaden oil, and pearl millet diets. Nevertheless, the results from the present study show that the content of n-3 fatty acids in eggs can be increased solely by changing the grain source.
